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ABSTRACT 


The  development  of  chlkungunya  virus  was  investigated  by  immuno- 
fluorescent  staining  and  electron  microscopic  observations.  The  virus 
was  propagated  in  hamster  kidney  cells  and  viral  antigen  was  first 
detected  by  immunofluorescence  at  8  hours.  The  first  alteration  in 
subcellular  structure,  however,  was  observed  at  12  hours.  At  that 
time  electron-der.se  particles  were  seen  surrounding  cytoplasmic 
vacuoles.  Mature  virus  particles  vert  seen  only  within  cytoplasmic 
vacuoles  or  in  juxtaposition  to  the  external  surface  of  the  cytoplasmic 
membrane.  These  particles  were  similar  morphologically  to  particles 
seen  in  partially  purified  brain  suspension  from  infected  suckling 
mice.  The  results  are  compared  with  those  reported  in  the  literature 
for  other  arboviruses. 
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ELECTRON  MICROSCOPIC  AND  IMMUNOFLUORESCENT  STUDY 
OF  CHIKUNGUNYA  VIRUS  INFECTION  IN  TISSUE  CULTURE 


Recent  reports  in  the  literature  have  described  the  intracellular 
development  of  various  arboviruses.  These  viruses  have  been  studied  in 
ultrathin  sections  of  tissue  cultures  and  certain  similarities  have 
been  noted.  In  the  course  cf  our  examination  of  ultrathin  sections  it 
was  noted  that  chikungunya  virus  also  resembled  the  morphologic 
descriptions  reported  In  the  literature  for  certain  of  the  arboviruses, 
namely  Mayaro  virus,*  VEES  and  WEE,3  These  viruses,  related  serologically, 
are  classified  as  group  A  arboviruses.  More  recently,  Ota4  described 
the  ultrastructure  of  Japanese  E  encephalitis  virus  (group  B)  in  tissue 
culture  and  noted  the  similarity  tc  the  aforementioned  viruses. 

Tills  report  describes  the  ultrastructural  changes  in  hamster  kidney 
cells  infected  with  chikungunya  virus.  These  changes  are  interpreted  in 
comparison  with  other  arboviruses. 

A  line  of  hani6ter  kidney  cells  (RKL)*wa6  grown  in  medium  199  supplemented 
with  10%  calf  serum,  vitamins,  and  glutamine  at  35.5  C.  Cultures  of  cells 
in  Leighton  tubes  were  washed  twice  with  phosphate-buffered  saline 
(PBS)  and  covered  with  1.0  ml  of  heart  infusion  broth  (HIB)  containing 
10^  MICLD^of  virus.  After  absorption  the  cultures  were  washed  twice 
with  PBS  and  fresh  medium  was  added.  Cultures  were  harvested  at  various 
times  after  Infection  and  processed  for  iramunof luorescent  staining  and 
electron  microscopy. 

The  lmmunof luorescent  reagent  was  prepared  from  sera  collected  from 
monkeys  two  weeks  after  the  injection  of  10^  MICLDm  of  chikungunya  viru6. 

The  direct  staining  procedure  was  used  throughout.  Preiracnunization  sera 
were  not  reactive  in  lmmunof luorescent  tests. 

Material  for  electron  microscopy  was  fixed  In  1%  osmium  tetroxlde 
In  Mlllonig's  buffer,  dehydrated,  embedded  in  Epon  812,  sectioned  on  a 
Servall  MT2  ultra-microtome,  stained  with  uranyl  acetate,  and  viewed 
In  a  RCA  EMU-3G  micr  >sco pe. 

At  2,  4,  6,  8,  10,  12,  15,  38,  and  24  hours  after  infection,  cells 
were  stained  with  the  fluorescein- labeled  antibody  solution  and  examined. 
Viral  antigen  was  first  6een  in  cells  harvested  at  8  hours.  Infected 
cells  were  few  in  number  at  this  time.  The  appearance  of  these  cells 
indicated  that  viral  antigen  was  concentrated  at  one  locus  in  the 
perinuclear  region  of  the  cytoplasm  (Figure  1).  Subsequently  there  was  no 
apparent  increase  in  numbers  of  infected  cells.  No  attempt  was  made  to 
quantitate  this  observation,  which  was  based  on  visual  comparison  of 
stained  material.  The  appearance  of  infected  cells  seen  after  8  hours  was 
quite  similar.  The  fluorescence  was  limited  to  a  thin  peripheral  band 

*  It  has  been  subsequently  learned  that  this  line  of  HKL  cells  Is  in  fact 
oiojse  L  cells.  Personal  communicadon.  Dr.  J.E.  Officer,  Virus  and 
Rickettsia  Division. 
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ig.i..  2)  win  n  tin'  colls  were  studied  in  median  optical  section.  A  surface 
iii*  ier,fiu:.id  the  peripheral  location  in  that  fluorescence  was  uniform 
throughout  the  coll.  In  a  few  cells  (figure  3)  a  perinuclear  inclusion  was 
H)  11  apparent,  Fluorescent  viral  antigen  was  never  seen  in  the  nucleus, 

tells  lor  electron  microscopy  were  obtained  at  6,  9,  12,  15,  and  18 
hiurs  alter  inlection.  HKL  cells  from  noninfected  cultures  were  also 
observed  throughout  the  experiment.  During  this  time  no  degenerative 
r.  hanges  v  ro  noted  in  the  ultrastructure  of  nonxnrected  cells.  The  nucleus 
wa?  ro.nd  with  prominent  nucleoli.  The  cytoplasmic  organelles  appeared 
normal  (Figure  U) . 


The  earliest  change  seen  in  cells  from  infected  cultures  was  a 
dilatation  of  the  rough  membraned  vesicles  (endoplasmic  reticulum).  This 
imparted  a  vesicular  appearance  to  the  cytoplasm  (Figure  5).  At  higher 
magnii ic ation  (Figure  6)  electron-dense  particles  larger  than  the  ribosomes 
were  seen  in  the  cycoplasm  near  vesicles.  Figure  7  shows  cytoplasm  of  a  cell 
15  hours  after  infection.  The  perivacuolar  location  of  these  electron-dense 
particles  teas  prominent.  The  particles,  approximately  30  mp  in  diameter, 
were  fairly  uniform  m  density  and  size,  and  did  not  have  a  limiting 
membrane.  Some  particles  were  free  in  the  cytoplasm  and  not  associated  with 
cellular  membranes.  In  some  cells  these  latter  particles  were  arranged 
ir  loosely  packed  aggregates.  One  of  the  largest  aggregates,  shown  in 
Figure  8  was  700  mp  in  diameter.  The  individual  particles  in  the  aggregates 
were  30  nv  in  diameter.  All  cytoplasmic  particles  were  devoid  of  a  limiting 
t;,.  rrbrane.  Particles  with  a  limiting  membrane  were  seen  only  in  vacuoles 
(Figure-  9)  or  external  to  the  cytoplasmic  membrane  (Figure  10).  Figure  11 
illustrates  a  group  ol  viral  particles  apparently  emerging  from  the  cell. 

Note  that  at  lease  one  of  the  particles  within  the  bounds  of  the  cell  does 
not  pesstjo  a  membrane.  Membrane- limited /partic les  consisted  of  a  dense 
core,  30  <v  in  diameter,  surrounded  by  an/electron-transparent  area  of 
10  to  15  mp.  The  diameter  of  the  virus  Is  approximately  60  mp.  Similar 


Its  were  seen  in  grids  prepared  with  partially  purified  suspensions 


of  inft  ltd  suckling  mouse  brain. 


An  attractive  hypothesis  ior  the  intracellular  development  of  chikungunya 
vi ru;  would  propose  that  viral  nucleic  acid  is  first  formed  in  association 
v; l  th  the  ribosorr.es  of  the  rough  endoplasmic  reticulum.  A  dense  particle, 
tin-  virus  precursor  is  lormed  around  cytoplasmic  vacuoles.  These  particles 
acquire  a  peripheral  coat  either  after  crossing  a  membrane  into  a  vacuole 
or  aitri  migration  through  the  cytoplasm  and  emergence  from  the  cell.  In 
either  mrtanvc  viral  coat  is-  formed  alter  a  cellular  membrane  is  crossed. 

I  he  nmtu-nof  1 -lores: ent  data  in  conjunction  with  electron  microscopy  tend 
to  support  this  hypothesis.  Viral  fluorescence,  when  first  6een,  was 
pcrinuclrar  ar.d  the  dilatatior  oi  endoplasmic  reticulum  seen  in  the  electron 
rose  ope  tended  to  be  polar.  At  subsequent  stages  immunofluorescence 
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sec -i  by  electron  microscopy  at  the  periphery  of  cells  rather  than  within 


cytoplasmic  compartments. 


The  ultrastructural  changes  seen  in  HKL  cells  infected  with 
chikungunya  vi'us  are  remarkably  similar  to  those  reported  by  Morgan, 
Howe,  and  Rose  for  WEE  infection  of  tissue  cultures3  and  of  Kussgay 
and  Veibel  for  VEE.Z  Mayaro  virus  descri  ed  by  Saturno1  and  Japanese 
B  encephalitis  virus  (JBE)  described  by  Ota4  are  also  morphologically 
similar.  In  the  developmental  cycle  of  these  viruses,  dense  particles 
enter  vacuoles  and  acquire  a  limiting  membrane  rather  than  emerging 
from  the  cells  tc  mature.  Yellow  fever  virus,  a  group  B  arbovirus, 
is  similar  morphologically  to  these  viruses.  In  our  laboratories  we 
have  seen  mature  yellow  fever  virus  only  in  vacuoles/ 

In  conclusion,  arboviruses  can  be  classified  into  various  groups 
on  the  basis  of  their  serological  relationships  and  dissimilarities. 

It  is  not  surprising,  therefore,  that  the  relationships  and  dissimi¬ 
larities  of  certain  arboviruses  are  also  reflected  in  their  morphology 
and  stages  of  development. 
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Figure  1 
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•tn;  Stain in/  of  Infected  Hamster  Kidney 

Cv.  1 1- .  1 :  n  r  I  y 

«*/;  •.  a  t  ar.^  ef  i  an  >i  lee  yk  scenct  in  cell: 

jUisui:  ut  ci  1 

•ours.  Non.  i'i-ritv.1’.  lcar  a^rc^m  ion  of 

vim*  «.m  L  ii-vn  . 

.  v  VUC. 

Fifcutv  2.  I~li  uivl  >  uort  si  c t  fLeiniii4;  cl  Infected  Hams Lei  Kidney 

Ci  ]  J  s  Ft  r  i  jeie  r  o  1  1-ond  el  ieUMinef  1  uor«. su  ncc  is  readily 
ar;>artr.t  in  r^dir.n  optical  bceliut:.  Cell  stained  at 
Id  Irjyis.  >.  VjU. 


■Figure  3.  Electron  Kicrograpl:  of  Hamster  Kidnt-y  Cells.  Korea  1 
hams  Let  kidney  cell.  X  7,30C. 
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